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TITLE: Injurious effect of 660- and 120-mev protons and the efficacy of 
pharmacological and chemical protection 


SOURCE: AN SSSR, Otdeleniye biologicheskikh nauk. Problemy kosmiche skoy 
biologii, v. 4, 1965, 401-410 


TOPIC TAGS: proton, biologic radiation effect, radiation protection, mouse, 
RBE, cobalt, radioisotope, gamma irradiation, antiradiation drug 


ABSTRACT: Efforts continue to partially estimate the biological effects of cosmic | 
radiation by determining the RBE of high-energy protons. In this work ~~~ 
male white mice weighing 18—21 g were subjected to Co®° gamma-rays 

{dose power, 264 rad/min) and 120- and 660-Mev protons (dose power, 

. 500— 700 rad). The experiments were also designed to tast chemical 
agents with a known radioprotective effect against x-rays and gamma-rays 


during proton irradiation. The animals were irradiated-in plastic chambers 
Card 1/3 


APPROVED FOR RELEASE: 08/09/2001 CIA-RDP86-00513R001548710003-2" 


CIA-RDP86-00513R001548710003-2 


"APPROVE fa 


IBLE Mee Eee fe 


D FOR RELEASE: 08/09/2001 


L 14290266 
ACC MR: AT600387,, 


in groups of 10—5 controls and 5 protected mice. The LDso/39 for Co? | 
gamma-rays was calculated to be 600 rad, and for 660-Mev protons, 
. 909 rad. Thus, the RBE of 660-Mev protons, according to the LDigg 
index, is 0,73, The comparative radioprotective effect of various sub- 
stances was investigated in experiments, the results of which are shown 
in the following table. Bhd 
C060 gamma~irradiation Irradiation with 660-Mev Irradiation with 120- 
in dose of 850 r Protons in dose of Mev protons in doses o 


+ 
(D1 199/40) 1170 + 150 rad (DL4,0g){1200 * L)) rad ds) 
umber! 4 Nunber alive Number of | Number ea Number of} Number alte 


-Preparation “of mice! by 30th day by 30th day |mice | by 30th day 
40 22 4l 40 


Cystamine 
_AET . 30 
.|_ Serotonin 24 
.. Jomethoxyt ryptamin 28 
_ Tryptamine 8 
~5-hydroxytryptopha : 8 
Control : 0 
_Blological control 20 
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SOURCE: AN SSSR. Otdeleniye biologicheskikh nauk. Problemy kosmicheskoy 
biologii, v- 4, 1965, 411-429 


TOPIC TAGS: 


radiation shielding, RBE, rat, animal physiology, gamma irradiation, . 
cobalt, radioisotope, proton, irradiation, radiation biologic effect 


ABSTRACT: Previous experiments showed that screening of individual organs or 
parts of the body during large doses of x-rays or gamma rays can change — ~ * 


both the degree of radiation sickness and the number of deaths. In this 


IV, Gy =~ — 


work experiments were conducted to determine the effect of screening 2743 


White rats of both.sexes were used, Co? 


during irradiation-.of animals with gamma rays and 120-Mev protons. 


gamma irradiation with dose 


power of 15.5 r/min was used. Proton irradiation was conducted through 
Gard 1/4 


APPROVED FOR RELEASE: 08/09/2001 


a 


CIA-RDP86-00513R001548710003-2 


CIA-RDP86-00513R001548710003-2" 


eens ee nee Rene, ene: 


Be ES ee 


EPRI spy pee 


BEEROVED FOR RELEASE: 08/09/2001 |§CIA-RDP86-00513R001548710003-2 
Si. SOE a a i Da SASSSTIGES Bic lke Se ae iad ee Se ee es 


L 14291-66 

ACC NR: AT6003875 : . oe . 

lead-shielded polyethylene blocks to lower the dose (dose power 60 + 10 

rad/min). During gamma irradiation, parts of the body were screened 
with steel plates (15 cm thick) of different widths. Plexiglas blocks | 
12—15 cm thick, which almost completely blocked the proton flux from the 
screened part, served as shields during proton irradiation. The biological 
effect of radiation under these conditions was determined by the survival 
rate of animals during a 30-day period after irradiation. Localized 
shielding during gamma irradiation of rats ina dose of 930 rad produced a 
definite increase in the survival rate, which was most effective during 
screening of the abdomen (80% survival rate as compared with 6% in the 
control), It was concluded that screening of the abdomen lowers the mortality 
index to the greatest degree and also is most effective in easing the course 
of radiation sickness and lessening the degree of leukopenia. _ ; 
In a second series of experiments, the abdomens of rats were shielded 
with plexiglas blocks of different widths during irradiation with protons in a 
the following dose ranges: 800— 1050 rad and 1100—1300 rad, and with 
‘ gamma rays in doses of 930, 1100, and 1400 rad. It was found that screen- 
‘ing the abdomen with a block 6 em wide during proton irradiation with . 
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800— 1050 rad increased the survival rate to 86.4% (as compared with 
19. 4% in the control). A high survival rate (96. 7—100%) was also observed 
when the abdomen was screened with blocks of various widths during gamma 
irradiation (930 rad). Screening of the abdomen during proton irradiation 
also prevented the development of severe gastrointestinal disease in many 
cases and caused rats to lose less weight. Experimental animals re- 
covered weight more quickly and even exceeded initial weight ievels. 
Weight changes during gamma irradiation followed the same pattern. 
Preliminary experiments were aiso conducted to show the effect of 
screening under the combined influence of protons and acceleration or 
vibration. Results showed that neither 30 min of acceleration (10g) nor 
1 hr of vibration (700 cps, amplitude 0,005 min) altered the effectiveness 
of screening during proton irradiation (doses 750— 1100 rad and 1050— 
1300 rad, respectively). Furthermore, it was found that the effectiveness 
of screening the abdomen increases with incréased radiation dose. There | 


is not yet any adequate explanation of the screening effect although it may 
be connected with,retention by the organism of undamaged tissue sections. 
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TITLE: Morphological changes in the hematopoietic organs of mice after 
irradiation with high-energy protons 197, ¥Y, Ss 


SOURCE: AN SSSR. Otdeleniye biologicheskikh nauk. Problemy kosmicheskoy biologii, 
ve h, 1965, 430-436 


TOPIC TAGS: proton, hematopiesis, RBE, morphology, irradiation, mouse, gamma : ; 
irradiation, cobalt, radioisotope, ionizing irradiation, radiation biologic effect: — 


ABSTRACT: ‘Pathological changes in the morphology of the hematopoietic organs of 
male mice were studied after proton and gamma-irradiation. Some animals 
were subjected once to proton irradiation (dose, 830 rad; dose power, 400— 
600 rad/min), and others were irradiated from a Co® source (dose, 650 r; 
dose power, 273 r/min). Control animals were not irradiated. The mice 
were killed with ether 3, 7, 15, 30, and 60 days after irradiation, and 
cells of the spleen, thymus gland, and bone marrow of the femur were” 
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examined microscopically. In animals that died from radiation sickness 
(9—12 days after irradiation), hemorrhages in the lungs and intestine were 
frequently observed. Comparison of the weight coefficients of the spleen 
and thymus (both showing a two-phage increase) did not reveal any 
statistically reliable differences in the effects of the two different types of - 
irradiation on these organs. Observation of animals and comparative , 
study of hematopoietic “organs show that changes due to irradiation with 
protons and gamma-rays are similar. In the first few days after irradi- 
ation, the volume of follicles in the spleen decreased, and areas of 
myelopoiesis disappeared from the pulp. In the thymus gland, depletion 

of the cortical substance of lymphocytes was observed, and in the bone 
marrow destruction of the reticular stroma occurred, It must be noted 
that changes were less severe during irradiation with protons than with 
gamma-rays. However, complete recovery of the spleen did not occur in 
either case by the 60th day after irradiation. In general, it was concluded : 
that restorative processes in all three structures studied proceeded more 
slowly in the gamma-irradiated animals. Previous.experiments have ! 
also shown that there are no noticeable differences in the morphological 
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‘reactions of animals to different types of jonizing radiation. The degree of 
affliction, however, depends on the physical nature of the form of 
radiation, and doses vary. Orig. art. has: 1 table. [ATD PRESS: 4091-F] 
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TITLE: Modeling of radiation conditions on a circumlunar trajectory during a 
solar flare ae 


SOURCE: AN SSSR. Otdeleniye biologicheskikh nauk. Problemy kosmicheskoy 
biologii, ve 4, A701=706 


TOPIC TAGS: space flight similation, mouse, radiation protection, lunar flight, 
radiation biologic effect, biologic acceleration effect, solar flare, gamma 
irradiation, lunar trajectory, radiation belt, antiradiation drug 


ry ‘ 
ABSTRACT; The possibility of modeling the biological effect of vadiation len as. 
lunar flight which includes a short solar flare was demonstrated. White! 
Vayice fed a special food concentration and kept in a biological unit were ° 
‘subjected to gamma-irradiation. Acute irradiation of other animals was’ 
conducted in plexiglas cages. In all cases the radiation dose was | 
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900--920 r. Dose power during acute irradiation was 18 r/min and dur- | 
ing "solar flare’ a maximum of 2.5 r/min (duration of flare, 24 hr). On! 
the simulated lunar trajectory, the animals received a dose of 60--80r i 
while passing through the "radiation belts," Before the solar flare, the | 
mice were injected with the following radioprotective agents: ,cystamine : 
dihydrochloride, AET, and 5-methoxytryptamine hydrochloride.vy 
The experimental results showed that the effects of this pharmaco- 
logical protection were slight as compared with unprotected animals. 
AET was the most effective radioprotective agent during both "lunar 
flight" and acute irradiation, On the lunar flight the animals were sub- 
jected to an acceleration of 20g for 5 min before irradiation and at the 
end of the flight, It is suggested that the observed lowering of the bio- 
logical effect of radiation during lunar flight (only 33% of the mice dieu, 
-as against 90% after acute irradiation) is due not only to the lowered dose’ 
power, but also to acceleration, It is known that acceleration can alter 
the reactivity of an animal to subsequent irradiation, Previous experi- 
ments also suggest that preliminary irradiation of 60 r (in the radiation 
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belts) reduced the effectiveness of the subsequent high dose dw-ing solar flare. 
- It was concluded that modeling of radiation conditions for any spaceflight 
' trajectory should be possible.s Orige art. has: 2 figures ani 3 tables. 
_ [ATD PRESS: 4091=F7 ' 
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TITLE: Modeling the biological effect of a depth dose from a monoenergetic proton 
flux \ 


SOURCE: Kosmicheskiye issledovaniya, v. 4, no. 1, 1966, 172-174 
TOPIC TAGS: corpuscular radiation, radiation effect, RBE, high energy proton 


ABSTRACT: Previous experiments suggested that physical protection (shielding) some- 
times aggravates the effect of corpuscular radiation”on living organisms. Unlike 
electromagnetic radiation, heavy particles create a higher ionization density along 
their path and at the end of their penetration (i.e., linear energy losses increase 
with decrease in particle velocity, and RBE likewise increases). Thus, corpuscular 
radiation can have a widely varying biological effect on different parts of an 
organism. Experiments were conducted to trace the change in biological effectiveness 
of particles during their passage through tissue until they were stopped. Mice were 
placed in rows perpendicular to the axis of a monochromatic beam of 120-Mev protons. 
Animals were irradiated with a dose of 1600 rad (dose power, 50 rad/min from a 
synchrocyclotron). One group of animals received en intraperitoneal injection of the 
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! 
antiradiation agent AET (dose, 150 mg/kg) 15--20 min before irradiation. The survival. 


Fig. 1..Survival percentage of irradiated 
animals depending on the rov occupied 


1 - Control; 2 - AFT. 


Survival percentage 


Row of animals 


percentage and average length of life of animals dying within, 30 days were determin- |. 
ea (see Fig. 1). It should be noted that AET had no protective effect in the 
3ra—hth row. Orig. art. has: 3 figures and.1 table, {Js} 
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SOURCE: AN SSSR. Otdeleniye biologicheskikh nauk. Problemy 
kosmicheskoy biologii, ve lh, 1965, 119-126 


| PoPIC TAGS: astronaut, space medicine, radiation biologic effect, 


lantiradiation ores biologic acceleration effect, muw, ore 


| apace ALD Ongy , Ural saole atem space flokt : 

IABSTRACT: T 4 authors dhns der Se A real danger for 
astronauts, particularly during long flights. The work is a survey on 
existing radioprotectors and a general discussion of biologic conditions 
[in cosmic flight, future research, and requirements for radioprotectors. 
The present chemical compounds, Mercamine HCL, its salicylate and 
disulfide, and AET appear sufficiently effective for clinical use agsins 
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xX or gamma reys. Laboratory tests on mice showed that some compounds of 
the sminothiol series (cystamine, cystesmine, serotonin, AET) exerted 
Significant protective effect in proton irradistion of 600 and 120 Mev. 
In the search for radioprotectors, other factors affecting the astronaut 
must elso be taken into account, such as weightlessness, vibration, 
‘acceleration and changes in pressure. Tests on laborstory animals 
lsubjected to such conditions prior to irradiation showed no effect on 
radiation sickness, but vibration sfter irradiation was apt to prolong 
the siclmess. Some of the radioprotectors tested in mice and dogs had 
an adverse effect on stability of the organism under vibration and 
acceleration. The authors call for studies to establish a stable 
ecologic system in the cabin which can accompany the astronaut on long 
trips, for models simulating cosmic flight conditions particularly in 
regard to radiation dose, and for radioprotective compounds to be 
compatible with ell these conditions. Orig. art. has: none. 


SUB CODE: 06, 22/ SUBM.DATE: none/ ORIG REF: 00/ OTH REF: 028 


APPROVED FOR RELEASE: 08/09/2001 CIA-RDP86-00513R001548710003-2" 


2001 CIA-RDP86-00513R001548710003-2 


gc NR AT6O30632 


AUTHORS Saksonov, Pe Pej Antipov, Vo! Ve3 Dobrov, Ne Ne$ Kozlov, ¥Ys As} Shashkov, 
1 : ee EAR RN CS PETESS 


Vi 5. 


2 Problems of pharmacochemical protection of the organism against ionizing. 
iation on spaceflights [Paper presented at the Conference on Problems of Space 
f 


Medicine held in Moscow from 24-27 May 1966/ 


Xonferentsiya po problemam kosmicheskoy meditsiny, 1966. Problemy 


osmicheskoy meditstay. (Problems of space medicine); materlaly konferentsil, 


Moscow, 1966, 335-336 


radiation protection, phamnacology, fonizing radiation biologic 
effect, cosmic radiation biologic effect, life support system, radiation tolerance, 


TOPIC TAGS: 
space medicine 


? ABSTRACT: - eek 
Although some pharmacochemicai substances nave a demonstrated 


‘ability to increase ithe radioresistance of both humans and animals, they 


‘cannot be used unconditionally in spaceflight. Special features of the ; 
‘eosmic radiation effect which must be considered in the search for effective 
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sedicinal form. In addition, radioprotectors used in Laie seme ae ; 
damage the nereditary structures or disrupt the physiolog 

links in the spacecraft life-support systems. 
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AUTHOR: Gayoeme Ne A.; Patrukhin, V. G.; Antipov, V. V.; Saksonov 
P. P.; Shas OV 7 nent 2 - 


al 7 
ORG: none @ 
TITLE: Pathomorphological changes in hematopoietic organs of mice during 


the combined’ action of certain types of ionizing radiation .and dynamic 
spaceflight factors - 


ae “AN SSSR. Izvestiya. Seriya biologichesksya, no. 3; 1966, 
3h.6-3 


TOPIC TAGS: mouse, ‘ biologic acceleration effect, biologic 
vibration effect, radiation biologic effect, hematopoiesis, bone marrow, 
-|radiation injury, synergy 


ABSTRACT: The synergistic effect of jonizing radiation and vibration or 
transverse acceleration on the spleen and bone merrow was investigated 
in 9 series of experiments on 2h5 male mice. In the lst and 2nd series 
|experimenteal animals were exposed to a l-hr vibration (70 eps) period 

1 or 3 days before proton irradiation with a 830 to 875 rad dose. In 
the 3rd and kth series experimental animals were exposed to the same 
vibration period 3 or 5 days following trradiation. In the Sth series 
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TL 26hbh-66 

ACC NR: AP6015)11 
experimental animals were exposed to the action of transversé 
acceleration applied 10 times over a 30 min period 23 hr before gamma 
irradiation with a 700 r dose, and in the 6th series the transverse 
acceleration action was applied 2h br following irradiation. The 7th, 
8th and 9th series served as controls. Antmals were observed over a. 60- 
day period to determine pathomorphological changes of the spleen and 
bone marrow by microscopic investigation. Study date’ show that the 
combined action of ionizing radiation and vibration or’ transverse 
acceleration markedly changes the degree and nature of pathomorphological 
shifts in - hematopoietic organs. Exposure to vibration 3 days 

and particularly 1 day prior, to irradiation intensified the depletion 
of — spleen and bone marrow and accelerated the restoration of ail the 
bematopoletic process6Se The effect of vibration applied 3 days and 
particularly. 5 days after irradiation markedly increas ed destructive 
changes; during the recovery period necrotic foci appeared in the bone - 
marrow and spleen, and reparative processes were prolonged, Transverse 
acceleration applied 2 hr. prior to gamma irradiation reduced depletion 
of the hematopoietic organs and accelerated their reparation. 

Transverse acceleration applied eh hr after irradiation did not affect 
radiation injuries of the hematopoietic organs. Orig. art. has: 6 
figurese OO Ge [06] 
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ACC NRi AP6019602 SOURCE COPE: UR/0293/66/004/003/0482/0491 
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~~ al 
AUTHOR: Davydov, B. I.; Antipov, V. V.; Kozlov, V- A.} Saksonov, P. Ps} 


Shashkov, V. S. 7 
ORG: none ; £) 


TITLE: The problem of using radioprotective pharmacological agents under spaceflight 
conditions 


SOURCE: Kosmicheskiye issledovaniye, v. 4, no. 3, 1966, 482-491 


TOPIC TAGS: manned spaceflight, radiation protection, cystamine, 
methoxytryptamine, acceleration, animal phystology 


ABSTRACT: In tests on mice (exposed three times to 44.4 G, 1.4 G/sec accélera- 
tions, with 5 min per exposure and 5 min between exposures on a centrifuge with a 
4.25 m arm length) and guinea pigs (exposed twice to 22.0 G, 0.7 G/sec with 5 min 
between exposures), lowered resistance to acceleration was noted after injections 
of cystamine (80—150 mg/kg), AET. (15—150 mg/kg), 5-methoxytryptamine (75 mg/kg) 
serotonin (50 mg/kg), and aminazine (1—10 mg/kg). A change in resistance after 
injections of phenatine (2—10 mg/kg) and strychnine (0.05 mg/kg) was insignificant. 
Thirty min after the combined injection of phenatine (5—10 mg), strychnine 
(0.5—1.0 mg), and aminazine (2.5 mg), the EKG's and respiration of dogs exposed to 
6—8 G (0.2—0.3 G/sec) did not differ from those of control centrifuged animals. 
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SHASHKOV, V.S.; FEDOSEYEV, ¥.M.; BURKOVSKAYA, T.Ye.; SAKSONOV, P.P.; ANTIPOV, V.V.; 
YEVDOKIMOY, Yu.N. 


Study of the radioprotective activity of some newly synthesized 
thiazoline derivatives, Radiobiologié 4 no.6:927 '64. (MIRA 18:7) 


1. Moskovskiy gosudaratvennyy universitet im. M.V,Lomonosova, 
khimicheskiy fakul'tet. 
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Refractometric method of investigating fusions. Dokl. AN SSSR 85 no. 1, 1952. 
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Lee het Tee 137-58-5-9457 
Translation from: Referativnyy zhurnal, Metallurgiya, 1958, Nr 5, p 92 (USSR) 


AUTHORS: Petrov, D.A.. Kekua, M.G., Khvostikova, V.D., Shashkov, 
Yu.M., Suchkova, A.D. Se jes Aas 


TITLE Producing Single Crystals of Silicon (O poluchenii mono- 
kristallov kremniya) 


PERIODICAL: V sb.: Vopr. metallurgii i fiz. poluprovodnikov. Moscow, 
AN SSSR, 1957, pp 41-46 


ABSTRACT: The production of single crystals of Si by drawing froma 
melt and vertical floating-zone refining is described. Drawing 
was performed in an apparatus consisting of 3 parts: a vacuum 
circulation chamber connected with an evacuation system and 
equipped with electrical leads and mechanism for raising and 
rotating the crucible; a working chamber consisting of a metal 
water-cooled cylinder with viewing window; and heads with a 
mechanism for raising and rotating the seed crystal. The fusion 
of the Si ina quartz crucible mounted on a graphite base was 
done by a slit heater made of spectrally pure graphite, with 
graphite screens around it. Smelting was in vacuum (107 -10-5 

Gard 1/2 mm Hg). Si produced by the Beketov method was employed in 
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137-58-5-9457 
Producing Single Crystals of Silicon 


the drawing. After the Si was fused, a thermal regime that assured crystal- 
lization of the melt from its center was chosen. The seed was immersed in 
the melt, and drawing began after it was fused. Single crystals were obtained 
after the material had been drawn 1, 2, or 3 times. It is noted that the pre- 
sence of a film on the melt and poor contact between the seed crystal and the 
melt may cause the crystal drawn to be a polycrystalline. Vertical floating - 
zone refining was performed in an apparatus consisting of a vacuum chamber 
in which a Si bar, produced by drawing. was mounted vertically. A Ta heater, 
creating a zone of fusion within the specimen, moved aiong the specimen ata 


rate of w2 mm/min, It was found that a given degree of superheating of the 
zone was a condition tor the production of a single crystal by this method. In 
a polycrystalline specimen a monocrystalline portion was produced only after 
several passes, while this was accomplished on the first pass when a mono- 
crystalline seed crystal was employed. Single crystals of Si with resistivities 
of 15-60 ohm/cm were produced on these apparatus. 


i Single crystals--Growth 2, Single crystals--Resistivity 


Card 2/2 
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Translation trom: Reterativnyy zhurnal, Metallurgiya 1958 Nr p 96 'USSR} 


AUTHORS: Petrov. D.A. Shashkov, Yu.M., Akimchenko, LP. 
ee 
TITLE: Diffusion of Antimony and Germanium in Silicon (Diftuziye sur - 
my i germaniya + kremnii) 


PERIODICAL: V sb.: Vopr. metallurgii i fiz. poluprovodnikov. Mascew AN 
SSSR, 1957. pp 130-132 


ABSTRACT: The radioactive isotopes Sb!24 and Ge?! were used to deter- 


mine the coefficient ct diffusion D cf Sb and Ge in Si. Diffusicn 
was performed in large crystalline specimens hav:ng resistiv.- 
ties of tenths of an ohm/cm. These were ot the p-type. cut trans- 
versely from bars cbtained by extraction om the melt by the 
Chokhral'skiy method. A thin layer of Sb124 and Ge?! was spreyed 
on the specimens in vacuum. Annealing was performed in quartz 
ampcules filled with Ar, these in turn be:tng housed in evacuated 
ampoules. The temperature of annealing was maintained to with- 
in 5°, Distribution of the concentrations ot the diffused elements 
through the specimen was determined by the radioactivity of the 
abraded layer and the radioactivity of the specimen. It was tound 
Card 1/2 that the Dop at 940-1300° could be described by the equation: 
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Diffusion of Antimony and Germanium in Silicon 


0.112 exp(-66,000/RT)cm2/sec and the D at 1150-13509 b 
a th at be 
6.26: 10° exp (-121,820/RT) cm2/sec,  “° ge 
Lo Antimony--Germanium--Diffusion 


a. Yu. Sh. 
2. Silicon--Applications 
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AUTHURS: Petrov, D.A. and Sneshkov, Yu. M. (Moscow). 24-5-12/25 


TITLE: Device for growing crystals of high activity metals directly 
from powder without a crucible. (Ustanovka dlya 
bestigel‘nogo vyrashchivaniya kristallov vysokoaktivnykh 
metallov neposredstvenno iz poroshka), 


PERIODICAL: "Izvestiya Akademii Nauk Otdeleniye Tekhnicheskikh Nauk" 
(Bulletin of the Ac.Sc., Technical Sciences Section 
1957, No.5, pp.102-103 (U.S.S.R.) 


ABSTRACT: This paper was presented at the First All Union Conference 
On apparetus for semi-conductor metallurgy held at the 
Institute of Metallurgy, Ac.Sc. U.S.S.R. (Institut Metallurgii 
AN SSSR). The design is based on the principle proposed by 
Verneuil, M.A. in 1904 (1) for Growing precious stones by 
feeding material from the top onto a molten end of a seeding, 
lowering the seeding away from the heating zone at a speed 
ccrresponding to the speed of feeding-in new material. A 
Sketch of the device is given in Fig.l. The melting of the 
Lop end of the specimen is effected directly by means of a 


? 


9 Mc 15 xkW oscilletor. Such hich frequency heating excludes 
éuy possibility of contaminetion by the heating substance 
Card 1/2 es Cases tlece, ror instence, in en analogous device 
Ges.ribed bo OP, ub, Keck cu 2lii (2). A photo of the device 
i# $s own in Fiy.:, woils: F 2,4 shows a photo of a specimen 
g 3 
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CHASHKOV, Yu.M. 


Nekotorye voprosy zonnoy plavki. 


report submitted for ths 5th Physical Chemical Conference on 
Steel Production. 


ss Goce 
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Zlektroprovodnosty titanosodenzhashchikh shlakov. 


report submitted for the 5th Physical Chemical Conference on 
Steel Frroduction, 
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Soveshchaniye po eksperimental'noy tekhnike i metodam vysackotempera~ 
turnyih tesledovaniy, 1956 


peraturatch 
Methods o 
Conference 


Rkaperinental'naya tekhnika 1 barks | 
E. 


Komisatya po fiziko~ 
2,200 copies printed, 


A.A, Samarin, Corresponding Member, USSR Acadeny of 
Selences; Rd. of Publishing House: A.L. 


PURPOSE: This book is intended for metallurgists and metallurgical 
Ongineers, 


COVERAGE: Thia collection of scientific papers ia divided into six 
Z parte: 1) thermodynamic activity and kineticn of high-temperature 
processes 2) constitution diagras studies 3) physical properties 
of liguid metals and slags %) new analytical methods and pro- 
duction of pure metals 5) pyrometry, and 6) general questions, 
Por more specific coverage, see Table of Contents, 
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Bidulya,“P.n., and N.A, Trubitayn. Measurement of Linear 
Shrinkage and Resistance to Hot-—Crack Fornation in Steel 
A versatile new instrument waa developed for determining 
free linear shrinkage, hindered (or retarded) shrinkage, 
forces developing during bindered shrinkage, and resistance 
of the metal to the formation of hot cracks, By means of 
thie instrument 1t was shown that steel with a peritectic 
composition (about 0.2 percent C) exhibits maximum resistance 
to the formation of hot cracks. This resistance falls 
sharply doth with a decrease and an increase in carbon 
oontent. But with an increase the resistance falls only 
until a content of 0.5 percent C has been reached; with 
greater amounts of carbon the resistance begins to rise 
again, The effect of manganese content and teeming tenpera~ 
ture on hot-crack formation were also investigated, 
— 

Pronov, A.P. Investigation of the Properties of Steel in the 
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PHASE 1 BOOK EXPLOITATION S0V/1,966 
Soveshohaniye po poluprovednikevyn materialam. Moscow, 1957 


tall 12 4 fLalki poluprovodnikov; trudy 3-g0 soveahchaniya. 
baat ete ped ta the Metallurgy and Physics of Semiconductors; Transactions of 
the Thind Conference) Moscow, Isd-vo AN SSSA, 1959. 129 p. Errata slip 
inserted. 3,200 coples printed. : 


Akademtya nauk SSSR. Inatitut eetallurgi! iment 
areas er et Reap. tae f. Kh, Abrikosov, Doctor of Chemical Sciences; 


Hd. of Publishing Houser P, F. Zolotov. 


UAPOSE Tlection ta intanded for technical and scientific personnal 
, eaneerge tts the investigation and production af seasconductor asterials. 
It may also be used by students in achoola of matallurgy. 


lection contains reports submitted at the Third Conference 
SEES eartar Materials, held at the Institute of Metallurgy tzant . 
A. A. Baykov, AS USSR, Moscow, tn May 1957, The reporte deal with proble=s 
of obtaining and investigating germanita, silicon, and suniconductor cum- 
pounds, The collection vas first edited by D. A. Patrov, Doctor of 


Techical Sciences, Raferences accompany most of the reporte. 


Calovanov, ¥. ¥. On the Problem of the Role of Some Factors in the 
Focess of Single Crystala From a Melt 


Tolpygo, I. B. Inveatigation of Kole Zones of Diamond-Typa Crystals 
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Suigeti, Academician (Acndery of Sclonces, Hunsurtan Poopla's Republic). 
Concerning the Problem of Semiconductor Point-Contacta 
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Trousil (Institute of Technical Physics, Czechostovek Acadeny of 
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; S8OV/125-59-3-12/21 
LUTHORS: Shashkov, Yu.l, and Savitskiy, I.¥. 
TITLE: Horizontal Zone-melting of Silicon (Gorizontal'nsya 
zonnaya plavka kremniya) 


PERIODICAL: Tsvetnyye Metally, 1959, Nr 3, BP 49 - 59 


ABSTRACT: It is possible to obtain silicon with a high 
resistance by horizontal zone-nelting if the 
the quartz boat is high and there is no boron in % 
initial silicon. Ordinary apparatus cannot be used as 
eracking of the silicon specimen occurs whiist passing 
a zone along it and curing cocling due to the difference 
in the coefficients of excansion for silicon and quartz. 
The present work descrites apparatus which enebles multiple 
zone-meiting of silicon in a boat without cracking and 
the construction of a boat wiicn allows the silicon %e 
cool without cracking. Ali parts of the boat and the 
silicon specimen are maintained at a temperature nigher 
than 80U-900 ~C similar to the method used by Taft ana 
Horn (Ref 1). The whole apparatus is evacuated to 


1077 mm Hg. It is shown in Figure 1, the main part 


being: 1) the basic neater; 2) the additional tea 


2. 
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and, 3) the boat with the siliccn. The basic heater is 
made of tantalum plate and is horse-shoe shaped Chotten 
right-hand corner of Figure 1). The speed of traverse of 
the boat can be varied from several hundredths to six mm 
per minute. There is a transfer of material to the last 
zone; therefore, the boat is sloped 5-7° to the hori- 
zontal. Cooling is carried out in one of the additional 
heaters but even so cracking of the specimen could still 
occur. This can be overcome by weakening the boat. Taft 
did this by decreasing the wall thickness but the present 
authors produced the same effect by making sectional beats 
which enables free movement of the silicon specimen. The 
absence of wetting of quartz by silicon and its high surface 
tension prevent the silicen tem running between the 
individual sections. Results showed that no transverse 
eracks occurred in tke specimen using this principle. 
Longitudinal cracks were avcided Dy cutting all the sections 
into two parts. In this way a whole specimen without any 
cracks can be obtained. The ecticnal boat orinciple could 
be apviied to other cases. In the present case tre 
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Horizontal Zone-melting of Silicon 
resistance of silicon increases. The change in electrical 
resistance along the length cf the specimen after five 
passes is shown in Figure 3. Curve 1 is after zone- 
melting and Curve 2 after an additional heat treatment at 
600 “C for 2 hours. The first zone has much higher 
resistance than the last. 
There are 3 figures and 1 English reference. 
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lithium became interesting. Owing to the chemical aggressiveness 
of lithium the diffusion of lithium into monocrystalline 
silicon presents the most suitable method of producing the 


coefficient of the diffusion of lithium into silicon. The 
distribution of the admixture in the sample can be calculated 
with sufficient accuracy provided the diffusicn coefficient 

of the admixture in the sample is known. Refezence is made to 

a number of pertinent preliminary papers. It was of interest 

to examine existent data on the diffusion coefficient of lithium 
into silicon as a function of the perfection of the silicon 


24,7100 
24,7500 

AUTHORS : Shashkov, fu. Me, Akimchenko, I. P. 

TITLE: Diffusion of Lithium Into Silicon 

PERIODICAL: 

ABSTRACT: The preparation of monocrystalline silicon alloyed with 
alloy. This is also favored by the large value of the 
crystals. This problem is aiso 
dependence of the coefficient 

; crystal may be regarded as ac 
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of the diffusion of lithium into 
silicon on the number of structural deficiencies in the 
riterion proving diffusion to 
between the lattice nodes as 


. Crk REPEO pops net ase 7200072 


66168 
50V/20-128-5-20/67 


of theoretical interest. The 


fo 


CIA-RDP86-00513R001548710003-2" 


"APPROVE 


ST ee 


peg FURAN pet ee EE ds 


ded dah RELEASE: 08/09/2001 _CIA-RDP86-00513R001548710003-2 
f ie a ae PERT RNE YER TNE PRET TET TENE SERN ETE 


66168 
Diffusion of Litaium Into Silicon 0V /20-128-5-20/67 


well as verifying the mechanisa of the dependence of the 
diffusion coefficient on the degree of structural perfection. 
In doing so, the existence of atoms between the lattice nodes 
and of substituting atoms is assumed. Substitution took place 
out of a thin sheet of metallic lithium applied to the 
surface of the sample after this had been cut end etched with 
an aqueous KOH solution. The upper side of the Lithium sheet was then 
covered by a second sample. The execution of the experiments 
is briefly described. 2 Types of samples were used for these 
experiments, differing widely in the number of grooves formed 
in the etching process. They are purely monocrystalline and 
contain a great number of twins and dislocations. In the 
latter case diffusion took place perpendicular and parallel 
to the extension of the twins and dislocations. The samples 
were cut out of cast pieces, which had been prepared by @ 
special method. A table listing the following data is in- 
cluded: characteristic properties of the samples, their 
resistance, the temperatures of diffusion-annealing, and 

the values obtained for the diffusion coefficient. These 
values are illustrated by a diagram on the aaa 
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logd - 1/1. The experimental points on this curve form a 
straight line, which for the temperature interval 400 to 800° 
may be defined by the equation li = 2.2107 2exp(-16200/RT) om? sec. 
The data given in the papers py Fuller, Severiens, et al 

(Refs 1, 2) are in good agreement with results obtained in the 
present investigation. The data obtained by the present 
investigation indicate that the diffusion rate of lithium is 
independent of the structural perfection of the silicon 
crystals. This confirms that lithium diffuses through the 
interspaces between the nodes only. Furthermore, this data 
indicates the validity of the mechanism of the dependence of 
the diffusion rate on the structural perfection of the 
crystals, according to which diffusion proceeds et the lattice 
nodes and also in between. There are 2 figures, 1 table, and 

6 references, 1 of which is Soviet. 


ASCUSTATION: Institut metallurgii im. A. A. Baykova Akademii nauk SSSR 
(Institute of Metallurgy jmeni A. A. Baykov of the Academy of 
Sciences, USSR) ae 
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PHASE I BOOK EXPLOITATION Sov/3541 


Shashkov, Yuriy Mikhaylovich 


Metallurglya poluprovodnikov (Metallurgy of Semiconductors) Moscow, Metal- 
lurgizdat, 1960. 212 p. Errata slip inserted. 5,200 copies printed. 


Reviewers: B. A. Krasyuk, Doctor of Technical Sciences, Professor, and A. A. 
Rudnitskiy, Doctor of Chemical Sciences; Ed. of Publishing House: 0. M. 


Kamayeva; Tech. Ed.: P. G. Islent'yeva. 


PURPOSE: This beok is intended for technical personnel engaged in the development 
and production of semiconductors and semiconductor devices. 


COVERAGE: The book deals with current problems in the metallurgy of semiconductors 
(germanium and silicon). Attention is given to physical, chemical, electrical, 
and optical properties of germanium and silicon, chemical and metallurgical 
purification, growth of single crystals, heat treatment, alloying, obtaining of 
electrically heterogeneous structures, and etching. ‘The author thanks the fol- 
lowing persons for their a3sisience in preparing the manuscript: N. V. Ageyev, 
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Corresponding Member, Academy of Sciences USSR; N. Kh. Abrikosov, Doctor of 
Chemical Sciences; D. A. Petrov, Doctor of Technical Sciences; B. A. Krasyuk, 
Doctor of Technicel Sciences; and A. A. Rudnitskiy, Doctor of Chemical Sciences. 
There are 293 references: 61 Soviet, 203 English, 19 German, 4 Japanese, 3 
French, 2 Czech, and 1 Polish. 


TABLE OF CONTENTS: 
Preface 


Ch. I. Physicochemical, Electrical, and Optical Properties of 
Germanium and Silicon 
Physicochemical properties of germanium and silicon 
Electrical properties of germanium and silicon 
Optical properties of germanium and silicon 


Ch. IT. Chemical Methods of Purifying Germanium and Silicon 
Production and purification of metallic germanium 
Production and purification of metallic silicon 
Acid rinsing of silicon 
Production of silicon by zine reduction of silicon tetrachloride 
(Beketov's method ) 
Iodide method of sbtaining silicon 
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Silane method of obtaining silicon 
Trichlorosilane method of obtaining silicon 
Production of silicon by hydrogen reduction of silicon tetra- 


chloride 
Other methods of obtaining high-purity silicon 


Ch. III. Metallurgical Methods of Purifying Germanium and Silicon 
Principle of purifying by localized melting, gradual withdrawal of 
single crystals from melts, and oriented crystallization 


Theory of distribution of impurities in gradual withdrawal of single 
crystals from melts, in oriented crystallization, and in localized 


melting 
Distribution of impurities in gradual crystal withdrawal and 


in oriented crystallization 
Distribution of impurities in locelized melting 


Volatilization of impurities during melting and erystal withdrawal 
in vacuum 
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Coefficient of distribution 
Equipment used for purifying germanium and silicon by metallurgical 
methods 
Process of purifying germanium and silicon by metallurgical methods 
Purifying of germanium 
Purtfying of silicon 
Utilization of reaction be‘ ween gaseous and liquid phases 


Purifying by extraction 


Ch. IV. Growing Monocrystealis of Germanium and Silicon 
Methods cf growing single crystals of germanium and silicon 
Growing of single crystals by gradual withdrawal -from melts 
Method of horizortal localized melting 
Method af vertical non-crucible localized melting 
Other methods of growing single crystals of germaniun and silicon 


Crystallographic orientation and the shape of growing monocrystals 
Macro-~ and microdefects in monocrystals of germanium and silicon 
Macrode fects 
Micrade fects 
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Effect of growth conditions 
Characteristic features of installations for growth of single crystals 


Ch. VV. Heat Treatment of Germanium and Silicon 
Heat treatment of germanium 
Heat treatment of silicon 


Uh. Vi. Diffusion of Impurities in Germanium and Silicon 
Methods of measuring the diffusion coefficients of impurities in 


germanivun and silicon 
Diffusion of impurities in solid germanium and silicon 


Ch, VIT. Alloying of Germanium and Silicon 
Alloying by introducing addition alloys into the melt 
Crystal-withdrawal method 
Localized-melting method 
Preparation of the addition alloy 
Alloying with elements in the gaseous phase 
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Distribution of impurities in a growing erystal 
Alloying with elements in the gaseous phase 


Alloying by diffusion of addition elements. Some other methods of 
alloying 


m. VIII. Production of a Heterogeneous Electrical Structure in Mono- 
Crystals of Germanium and Silicon and Preparation of Ohmic 
Contacts 
Production of electrically heterogeneous structures during the 
growth of monocrystals 


Production of electrically heterogeneous structures during local- 


{zed melting as a result of the temperature gradient 


Production of electrically heterogeneous structures during partial 
melting of monocrystais 

Production of electrically heterogeneous structures by fusing on 
other metals or alloys 


Production of electrically heterogeneous structures resulting from 
diffusion of addition elements in the solid phase 
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Preparation of contacts 
Ch. IX. Etehing of Germanium and Silicon 
Manifestation of macro- and microdefects and orientation of 
monocrystals 
Etching of germanium 
Etching of silicon 
tehing of semiconductor devices 
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AUTHORS 3 Abrikosov, N.Kh., Lyan-Tszun'-vU, Shashkov. Yu.M. 


(Moscow) A Ps 
v 
TITLE 3 On the Volatility of Boric Oxide in Helium’ and 
{\ Hydrogen in the Presence of Water Vapour 


PERIODICAL: Izvestiya Akademii nauk SSSR, Otdeleniye tekhnicheskikh 
nauk. Metallurgiya i toplivo, 1960, No.4, pp.156-159 


TEXT: The rate of evaporation of boric oxide in dry and wet 
helium and hydrogen, at temperatures between 800 and 1400°C., was 
studied by the dynamic method. The results are reproduced in 
Fig.2 to 6, Fig.2 shows the temperature dependence of the vapour 
pressure p of B203.- Fig.3 (plotted in the logarithmic scale) : 
shows the decrease in weight of Bo03, per unit area (fA, mge/cm2 ) 
as a function of rate of flow of helium (V, 1/h) of dry (broken XK 
curves) and wet (continuous curves) at various temperatures, the 
partial water vapour pressure in wet helium being PyHo0 = 1. 0313 
atmospheres, Fig.4 illustrates the same relationship for dry 
(curve 1) and wet (curves 2 to 5) hydrogen. In Fig.5 the degree 
of saturation of wet helium with HBO» vapour is plotted against the 
rate of flow of the helium-water mixture at various temperatures 
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Finally the temperature dependence of the vapour pressure of HBO > 
at PHoo = 0.0313 atm is shown in Fig.6, The latter relationship 
in the’ 1133 to 1637°xK temperature range is described by 


log PHBO > = 5.043 ~ 43,490 


EL575T ° 7 


The conclusion reached was that the rate of evaporation of Bo02 


in helium and hydrogen incre 


ases considerably in the presence of 
Water vapour. There are 6 figures and 15 references; 1 Soviet, 
ll English, 1 French and 2 German, 


SUBMITTED: March 22, 1960 
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16.253 B193/ EL83 
AUTHORS : Shashkov Yu_M,. end Kolesnikova. T.P. 


TITLE: Electrical Conductivity L[sotherms of Binary 
Semiconductor Systems 


PERIODICAL: Akademitya nauk SSSR. [Institut metallurgai. 
Trudy, No.4, 1960. Metallurgiya, metallovedeniye, 
fiziko-khimicheskiye metody issledovaniya, pp.256-239 


TEXT: Rapid progress in the fabracation of semiconductor , 
devices brought about an increased demand for new semiconductor f 
materials including inter-metallic compounds. alloys. sulphides, 

and oxides. Successful application of these materials depends on 
understanding of the effect of their compesition on their 

properties. electrical properties in particular The aim of the 
present authors was to analyse publisined experimental data and on 
this basis to formulate certain laws governing the variation of 
electrical conductivity in binary Semiconductor systems. with 
particular reference to systems formed by oxides. Regarding the 
Systems in which the second component 15 vresent in very small 
quantities. it has been shown by various workers (Refs.1-5) that 
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Electrical Conductivity Isotherms cf Binary Semiconductor Systems 


addition of a component which. on distscluiion forms current 
carriers identical with those present in the selvent material. 
brings about an increase in sonductivity whereas a decrease of 
conductivaty 1s caused by addition of Components of sign opposite 
to that of the intrinsic carriers of the solvent, In cases where 
both excess elertrons and holes are present in equal quantities, 
electrical conductivity of the selvent is increased by the 
addition of any component capable of in¢reasing the Carrier 
concentration of either 1 gn. This appears to be a general law. 
as 28 illustrated by data given in Fig 1. where the logarithm of 
electrical conductivity (X, ohm"lem*!) et NiO thole conductivity), 
ZnO (electron conductivity) and CuO Cintrinsis conductivity) is 
plotted against L1izO and Cro03 content (mol -{o). Regarding the 
systems formed by compeunds with identizal valency cations which 
usually form a series of sclid solutions. analysia of the 
electrical conductivity isotherms of systems of the Alg03-Cro03. 
Feo03-Cra903. MgO-CoO N1i0-MgO systems shows that electrical 
conductivity of systems of this type changes monotonically from 
Card 2/7 
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Electrical Conductivity Isotherms of Binary Semiconductor Systems 


one component to another. except for very narrow composition ranges 
near each end of the system where Sometimes minima may be present 

on the conductivity isotherm. The same applies to heterogeneous 
systems such as Ca0-Zr0o, Alj03-S109, Ti09-Si05, except that the 
isotherm will pass through a Sharp maximum at compositions 
corresponding to compounds formed by the two components. This case 

is illustrated in Fig.2, where the resistivity (0, ohm.cm) at 

1000 °C is plotted against the composition of th ZnOo-CaO system. 
When the electrical conductivity isotherms are compared with the 
constitution diagrams of the corresponding systems, the former 

curves frequently show minima and maxima whose presence cannot be y 
explained in terms of changes in the constitution of the system 
studied. The Cad-Cro0d3, MgO-NiO, Al903-Cr205 systems provide 

typical examples of this effect. The presence of these extrema may 
Sometimes be incidental, being caused for instance by predominance 

of the surface conductivity at certain compositions (the A1l203-~ 

Cro0z system) or by the effect of one component being compensated 

by the impurity present in the other component. In some cases, 
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however, the minima and maxima of electrical conductivity 
constitute an intrinsic property of the system which is associated 
with the nature of conductivity of semiconductors. Ca0-Lig0d 
(Fig.3) and Ca0-Y203 (Fig.4) systems represent two such cases. 
The curves on Figs. 3 and 4 represent conductivity (X, ohm7tem~1) 
curves constructed for the CaO-rich ends of the systems from 
measurements carried out at 100 and 107% mm Hg at which CaO 
(amphoteric semiconductor) has electron and hole conductivity, 
respectively. In general, increasing the Lis0 and YQ03 cont ent 
CcauseS variation of the electrical conductivity of CaO in 
accordance with the law discussed at the beginning of the present 
paper, ise» the conductivity is either increased or decreased, 
depending on the sign of the carriers in CaO and in the other 
component. However, in both systems, the isotherms showing the 
variation of conductivity for the case when this property is 
decreased by the addition of the other component. have minima. 
Analysis of changes taking place in this case shows that when 
electrical conductivity 1s reduced the number of current carriers 
Card 4/7 
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of one type decreases up to a certain limit, characterized by the ts 
minimum of conductivity, after which the sign of the carriers: : 
changes (i.e. electron conductivity changes into hole conductivity 

and vice versa) and their number increases. This means that in 

this case, the presence of minima on conductivity isotherms is not* 
associated with the formation of a new phase but is caused by 

changes of the mechanism of conduction due to dissolution of the 

Solid component. In the final paragraph, the difference between 

the Shape of electrical conductivity isotherms of binary semi- 
conductor and metal systems is discussed. -In contrast to metals, 
addition of a second component to a Semiconductor in systems in 

which substitional solid salutions are formed may not only decrease 
the electrical conductivity but also increase it, and the x 


Ut 


conductivity isotherm for a binary semiconductor system, forming a 
series of solid solutions, has no minimum. [In addition, when a 
compound is formed in a binary semiconductor system, the 
electrical conductivity does not increase, but decreases. 

There are 4 figures and 15 references: 6 Soviet and 9 non-Soviet. 
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TITLE: " Blectric eonduetivity of titanium containing slags 


PERTORICAL: Referativnyy zhurnal, Metallurgiya, no. 5, 1962, 10-11, abstract 
5A66 (V sb.."Fiz-khim., osnovy proiz-va stali", Moscow, AN SSSR, 
1961, 262 -265) 


PET: The author studied electric conductivity of slags in system TiOs - 
$199 - Alp03 - Cad - MgO. The experiments were carried out under reduction 
conditions, The slag resistance petween the eentral Mo-electrode and the 
grapnite erucible, arranged co-acially, was measured, in the slags investigated, 
the PaO2/TI0g ratio was 0.1 - 0.3 and did practically not change during the 


mpagurements,— Tne results obtained show a considerable {nfluence of the slag Lt 
composition on its conductivity. Tt 1s assumed that the structure, revealed in a 


titanium slags in solid state, is also reserved in Liquid condition, ‘This 
predetermines the semiconductor nature of the melt conductivity. Changes in the 
electric conductivity at a varying ratio and quantity of slag components are 
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Electric comiuetivity of titanium containing slag AGCOG/AIGi ; 


explained by changes in the portion and type of oxides, dissociated into 
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AUTHOR: Siasnkov, Yu. M. 
TITLE: Sume problems of zonal melting or metais 


FERLODICAL: Hererativnyy zhurnal, Metallurgiya, no. 6, 190, in, abstract 6AR4 
‘in collection: "Fiz.-khim. vsnovy proiz-va stali", Moscow, AN SSSR, 


1961, 315 - 319) 


PIEXT: Toe author attempted to estimate theoreticaliy ine erfect of the 
interaction ot metal refined by zonal melting in a crucible and the crucible 
matsriai, upon the distribution cf admixtures over the ingot length after pas- 
cays through the zone. Some factors are pointed out which should be taken into 
actaunt woen developing a unit for the zonal melting of metal. 
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Kinetics of tne heterogenous reaction between silicon melts and 
a mixture of hydrogen vapor and hellium vapor, Izv. vys. ucheb, 
zave3; chern. met. 6 no.7327-32 '63, (MIRA 16:9) 


1. Gosudarstvennyy nauchno-issledovatel'skiy proyektnyy institut 
redkometallicheskoy promyshlennosti, Moskva. 
(Vapor—liquid equilibrium) (Silicon alloys—Testing) 
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| AUTHOR: Shashkov, Yu. M.j Kolesnikova, 7. P. Pee, 


TITLE: Surface tension|ot semiconductor silicon +7 


- TOPIC TAGS: surface tension, oxygen, boron, phosphorus, quartz, silicon, ; , 
. semiconductor Co on: 


ABSTRACT: e effect ¥ line surface tension of silicon of semicondficting 
‘purity of oxygen, boron (acceptor), phosphorus (donor), and quartz ae eo 
: evaluated by the method of weighing drops of molten silicon falling from the end. : 
ov a cylindrical bar. © (10 sup 16 to 10 sub 16 atoms/cu cm) had little effect on: a 
_ the surface tension; B (to 10 sup 20 atoms/cu cm) also hed little effect; while P - 
| had a tendency to lower the surface tension and quartz increased it slightly. 

_ (0, B, P are quartz impurities’ in Si.), "In conclusion the authors consider it - 
. their duty to express appreciation to Liang Tsu for help in the experimental _ 
' work." Orig. art. has: 1 teble and 1 equation. 
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SOURCE: Zhurnel fizicheskoy khimii, v. 37, no. 6, 1963, 1397-1399 : , 4 
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ACCESSION NR: AT4035157 $/2765/64/000/000/ 0372/0375 

AUTHOR: Shashkov, Yu. M. 

TITLE: Dynamic alloying from the gas phase 

SOURCE: Konferentsiya po fiziko-khimicheskim osnovam proizvodstva stali. 6th, 
1961. Fiztko-khimicheskiye osnovy* profzvodstva stali (Physicochemical basis of 
steel oroduciion); trudy%* konferentsii. Moscow, Izd~vo “Nauka,’! 1964, 372-375 
TOPIC TAGS: stee!, alloying, dynamic alloying, gas phase alloying, silicon anti- 


mony fusior, iicor phosphorus fusion, semiconductor alloying, admixture 
distribution 


2 mathematical treatment for a quantitative calculation of the con- 

y and distribution of admixtures jn the ingot during alloying from a 

the process of zonal fusion. In a typical process, the vaporized 
ent is conveyed in a high-vacuum assembly from a vaporizer throqugh 

ta the fused zone. From the amount of admixture fed into the fusion 


Gas onase 


alloying = 


a heated tubs 


zone, 
pO dt, . (1) 
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where /? is the coefficient of accomudation, P is the coefficient of losses due 

to geometrical facters, @ is the addition input from the vaporizer tube and t is 
time, the author derives a series of equations for the factors acting on the cone 
centration of the admixture in the zone (vaporization, melting, crystallization) 
Final equations which allow technical estimates of the required 
amounts of sifoying element and control of its addition. The representive process 
gilicene neataie fusing is discussed and the apparatus 


and arrives 


of stlicon-antimony and 


used is described. Grig. 
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AUTHOR: Shashkov, Yu. M.; Rozhdestvenskaya, Vs. V. 
TITLE: Growth of silicon carbide crystals from the gaseous phase 


SOURCE: AN SSSR. Institut kristallografii. Rost kristallov, v. 4, 
1964, 117-121 


TOPIC TAGS: silicon carbide, single crystal growth, silicon carbide 


crystal, crystal growth equipment, vapor phase growth, silicon ecar= 
bide sublimation - 
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ABSTRACT: Growth of silicon carbide single crystals by deposition 
from the vanor phase on a silicon carbide substrate haa been analyzed 
from the standpoint of vapor supersaturation,.a factor not considered 
in earlier studies. The a-type crystals were grown in an argon 
atmosphere in a specially built vacuum furnace under a temperature 
gradient excluding the effect of heat radiation on the growth process, 
Detaiis of the furnace, a graphite crucible, and an inner perforated 
graphite cylinder containing the powdered substrate are presented 
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| 
: 
| 


APPROVED FOR RELEASE: 08/09/2001 CIA-RDP86-00513R001548710003-2" 


PSRs Eich Ene er 


"APPROVED FOR RELEASE: 08/09/2001 SU aa cece ea 


' ACCESSION Nk: AT4040557 


‘ schematically, Lt was shown experimentally that the effect of vapor 
 supersacuration is determined by the diameter of perforations and 
: the temperature (height) of the substrate. The linear dimensions of 
fa Grystal reach a maximum at certain values of the diameter of per= = 
: forations and the height of the substrate. In the early stage 
/ Of crystallization, the crystal volume increases Proportionally to the 
/ cube of the time of growth; then, it increases Proportionally to the 
‘time. The slowing of the Browth rate is interpreted in terms of 

the leveling of the Supersaturation; the smaller the perforations, 
- the eatlier the leveling occurs, if.e. there {gs no longer a direct 
| dependence of the growth rate on Supersaturation. Thus, besides 
/ Supersaturation in the vapor phase near the substrate, the most 
‘important factors in the growth process are the dimensions of the 
, ¢rucible and the charge? Orig. art. has: 6 figures, 
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ACCESSION NR. AP4034927 
AUTHOR: Shashkov, Yu. M.; Shushlebina, N. Ya. 

TITLE: Growing silicon cerbide eoue a silicon mele 

SOURCE: Fizika tverdogo tela, v. 6, no. 5, 1964, 1449-1452 


TOPIC TAGS: silicon carbide, silicon carbide growing, silicon, 
silicon melt, single crystal, single crystal growing 


ABSTRACT: The growing of B-SiC single crystals from a Si melt has ' 
been studied at the State Scientific Resesrch and Design Institute / 
of the Rare-Metals Industry, Moscow. This work was done because 
the growing of SiC from metal melts may lower considerably the temp-: 
erature of the growing and facilitate the doping of Sic single crys: 
entas Single-crystal Si with an electrical resistivity of i0-20 1 
ohm*cm was melted in a graphite crucible in vacuum (107% mm Hg) in a? 
resistance furnace similar to furnaces used for pulling Si single : 
crystals. The furnace was equipped with a Ta heating element and a 
device which made.it possible-to lower and: rotate the crucible eee 
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and raise and lower the seed. The temperature was controlled by a 
thermocouple placed at the bottom of the crucible. The moment of 
melting was observed visually. To measure the temperature gradient 
gn the melt, an additional thermocouple was lowered into the melt. 
The experiment was carried out as follows: the Si sample (about 
3 g) was placed in the crucible. The,furnace was evacuated, and 
the heat was turned on. After the Si had meited, the melt was 
superheated to a predetermined temperature and held at that temp- 
erature for a definite amount of time. During that time the Si 
evaporated markedly, Then the furnace heat was turned off, and the ~ 
melt crystallized rapidly. Rapid cooling was selected after special . 
experiments which showed that crystal growth proceeds almost exclu- 
sively by the transfer of the SiC formed from the hot zone to the 
cold. After removal of the crucible from the furnace, the Si was 

- leached out with a mixture of HF and HNO,. The SiC crystals obtained 
ware transparent single crystals yellowish in color,and cubic, cole 


umnar prismatic, octohedric, and lamellar in shape. The crystals 
could be divided into three fractions according te size. The largest 
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“erystals were 0.1-0.5 mm thick and 1.5°2 mm long. The large-size 
fraction consisted mainly of columnar crystals elongated along the 
prism axis, Goniometric measurements showed that the principal 
plane forming the crystals is the (ill) plane. The replacement of i 
the vacuum with argon, which lowers Si evaporation to practically : 
zero, had no noticeable effect on the shape of the growing crystals, | 
Hence it is concluded that the main role in the determination of the 
character of crystallization is played by the temperature factor. 

‘ Orig, art. has: 3 figures and 1 table. 


ASSOCIATION: Gosudarstvenny*y nauchno-issledovatel'skiy i 
proyektny*y institut redkometallicheskoy ;promyshlenennosti, Moscow 
(State Sctencific Research and Design Institute of the Rare-Metals 
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_ AUTHOR: Abayev, Be 1.3 Bezobrazov, Ne Te} Shashkov, Yue Me 


TITLE: Slit graphite: heater for single-crystaj-growing. devices Boe 
| SOURCE : Pribory i tekhnika ekeperimenta/a0. 6 6, 1964, 150-151 


: TOPIC TAGS: single crystal, atogle oryscal. sroving, ‘single crystal 
i growing device . - 


a OF 


single crystals of semf{conductor materials. The furnace has a spew~ :| 
i etal graphite heater with vertical slits which permit the direct 
“heating of material by an HF. field (see Fig. 1 of the Enclosure). 
| The graphite block acts as a transformer creating inside the cruct-. 
‘ble a high-frequency field which ensures an intensive stirring of the! 
“molten material, The gtaphite block also acty “aga YadfLation héater.: 
- The new device requires 30% less power and makes it possible to - oul 
. inerease the pulling speed, which attains 10 ma/min in pulling aoe “3 
: ailicon single crystals 10 mm in Giamaters Orkgs arte _hass 20 figures. 
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ACCESSION NR: AP5002582 5/0076/64/038/012/2992/2995_ 

“AUTHOR: shales Yu. ae Grishin, V. Pe | ae ae 7S AR 
‘TITLE: Rate of silicon ‘growth from melt 

Vv 


 'goUuRCE: Zhurnal Fizicheskoy: himii, v. 38, no. 12, 1964, 2992-2995. 


'@OPIC TAGS: silicon stagld icrystal, . single crystal growth, silicon 
dendrite, melt aroun crystal, maximum BONER rate, rate molecular 


‘constant 


ABSTRACT: The maximum rate of growth of silicon dendrites from a - 
supercooled melt was measured at supercoolings of 4—15K in order to 
determine the molecular constant (k) of the growth rate of stlicon 
single crystals,\bThe experimental determination of k was desirable. 
because of the cide discrepancy in theoretical values and the import- 
ance pf k in estimating various factors in the growth of single 
cryetpie. Silicon was vacuum melted and, after seeding, the dendrite 
was p&lled out at an iner ‘dsing pulling rate until it dwindled to ‘the. 
shape of a needle. The eee rate, corresponding to the moment. at ~ 
which ‘the needle breaks away, was taken as a maximum arowth rate. 
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(V,,) of the needle at a given supexcooling.- The needles consisted 
of twins. Calculation of k was carried out, using the formulas 
derived by D, Ye. Temkin (Dokl. AN SSSR, 132, 1307, 1966). ‘and the 
experimental Vm values, The curvature radius of-the top end of the : 
needle was also calculated from the Temkin formulas, Calculations _ 
. based on the k value for silicon, which was found to be 0.64 cm/sec-deg, 
-and on t he Temkin formula gave the Vy, values: which were in - 
agreement with the experimental V,, data over the entire range of 
‘supercoolings, The sources of error in the determination of k were. . 
; discussed. The k values obtained were compared with those for ger- 
:,'Manium. The need was stressed for further study of the growth proces 
"of dendrites and for application of the Czochralski method to produce 
a more accurate k value.: Orig. art. has! 2 figures and 4 formulas, 
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SHASHKOV, Yu.M.3 SHUSHLEBINA, N.Ya. 


Formation of nondisiocated silicon single ela aie. 
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TITLE: Structure x a, aiticon hendrites 


SOURCE: AN SSSR. Doklady, v. 162, no 6, 1965, 1349-1351, acd insert facing ps - 
1341 See 


TOPIC TAGS: silicon dendrite, crystal pron dendrite structure, _pecusnton sha 
dendrite sa 


"ABSTRACT: pee ee “grown from a ee silicon melt were jeaated: Etching 
was done with + HE (1:1). The cross section was | studied by breaking the » 
dendrites and 4 etching. . After a perter of experiments, an etchant of © 
the composition HF + HNO, (1:2) was chosen. As in the case of germanium den". = 
drites, the broad planes of silicon dendrites are the (111) planes, and the 
growth of dendrites proceeds in the (112) ‘direction. The broad planes ‘usually | 
endrite: a central band. (stalocatton| 
density 109-106 cm-2) and two more diffuse lateral bands (1 cm72),. The dis= e: 
tribution of dislocations is decree An ee of the cross section: ms 
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showed that in most of the dendrites, twinning planes pass through the entire: ia) eee ae 
dendrite, and that there are usually two twinning planes separated by a distance | - 5 


character, as in germanium dendrites. The transition region between the needie 

and the dendrite, as welt as the needle itself are described in terms of thick- — 
ness, dislocation bands,|"and twinning planes. The study shows that the structure ee 
of silicon dendrites and their segregation characteristics are similar to those |°.:: 
of germanium dendrites, From a compazison of the structure of the needles and. jo. 
dendrites and of the transition region, it is concluded that the growth of vp 
silicon dendrites, like that of germanium dendrites, occurs in two stages. Orig.|- 
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"TITLE: Supercooling at the crystallization front during the growth of silicon mono! gon 


| crystals a the Czochralski method | A 
SOURCE: AN SSSR. _Doklady, v. 163, no. 4, 1965, 942-944 
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TOPIC TAGS: silicon single crystal, germanium waele crystal, single peioeat 
growth, -_supercooling, crystallization y aa 


ABSTRACT: Supercooling at the crystallization front during the. Seoaun of Si 111 i 
monocrystals was determined by two methods. Temperature changes during : 
crystal growth were measured in the melt (I) at the meniscus (II) and in the crys- |: 
tal (111). The temperature gradient was least in I and greatest in Il, but was ! 
‘| constant within each segment of the curve. Supercooling, determined directly at 
the point of intersection of II and III was 2.4 C for a crystal growth rate of 
2mm/min. Temperatures at the melt-meniscus interface were measured during; - 
cor ae eka and when the ee was icine ouercn ee was then Shits 
| ‘ard a = 
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determined from the equation . 


where S is crystal cross section; X -= heat conductivity of the melt; Ty -7Si 

| crystallization temperature; T,, and Tyo-stemperatures under meniscus during - 
crystal drawing and when drawing was shut down; hy and hg -- height of inter- La 
-face rise during crystal drawing and during shut-down; A T--supercocling at the on 
interface; v--rate of drawing; L--heat of crystallization and d--density of the 
melt, Supercooling was 2,35 +0.21C when ‘¥ = 2mm/min, Supercooling at the ~ 
crystal-melt interface increased sharply as increased from 1-3 mm/min, and - 
increased much less when 17> 4 mm/min, while keeping the crystal diameter . |" 
| constant, There was no noticeable change in the supercooling when the crystal | | 
diameter was increased from 10-26 mm while maintaining constant. It was 

| concluded the crystallization mechanisms in Ge and Si are similar in view of the | 

| agreement’ of supercooling values between these crystals. Orig. art. has: 2 fig- 


| ures and 1 equation eres ene 
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i ABSTRACT : The authors studied the thermal conductivity of silicon close to the 
‘melting point by measuring the thermal balance at the crystallization front during 

j crystal pulling by the Czochralski method. The equipment and procedure used in the. 
iexperiment are briefly described. 
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tion has the lowest temperature gradient and corresponds to the variation in tem- 
,perature in the melt. The second section has an intermediate temperature gradient 
{and corresponds to the meniscus due to surface tension. The section with the steep- 
jest temperature gradient corresponds to the crystal. There is a considerable dif- : 
j ference between the temperature gradient of the melt and the meniscus which is in 
idirect contact with the crystallization front. It is found that the temperature 
jgradient in the meniscus is a linear function of the temperature gradient in the 
‘crystal. Metallographic analysis showed that the crystallization front in these ex+ 
[periments was close to linear. The thermal conductivities were found to be (0.075 £ 


* 0.007 cal/cm/sec/deg for the solid phase and 0.16 * 0.02 cal/cm/sec/deg for the 
liquid phase. Orig. art. has: 2 figures. 
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ABSTRACT; A study was made of the effects of the parameters of pulling 
sermaniuim and silicon single crystals with a constant cross section on the rise of 
i ‘up to the crystallization boundary. It was found that the height of pulling 1 
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